INTRODUCTION
The need for buffers in ruminant nutrition has been established (3, 4, 6, 9, 19, 11) . A trend towards feeding high-grain, low-roughage rations has increased the interest in buffers, and a variety of buffer compounds is available at relatively low cost. Little attention has been given to the basic actions or longevity of buffers in the rumen. Our purpose was to develop a simple in vitro system to evaluate 35 buffer compounds.
After we evaluated the compounds initially, we tested several combinations of them, then selected additional combinations by computer based on each's ability to meet certain specifications for good buffering action. One of the computer selections (for an all-concentrate ration) then was tested in cattle to observe its effect on ruminal acid production.
• EXPERIMENTAL PROCEDURE
Experiment 1
Rumen fluid was obtained from the ventral sac of the rumen of two rumen-f istulated adult cows just before the morning feeding. The fluid was strained immediately through two layers of cheesecloth. One cow was fed a roughage and concentrate (1:2.5) ration and the other an all-concentrate ration in an amount to satisfy maintenance requirements. The roughage was alfalfa hay; the concentrate was 62% cracked sorghum grain, 3 25% cracked wheat, 10% Starea, 2% dicalcium phosphate, .5/« trace-mineralized salt, and .5% vitamin A and D supplement (1,000,000 units of A and D per kg of supplement). An in vitro system then was used to evaluate 35 buffer compounds in rumen fluid from the roughage-concentrate fed animal and 29 compounds in rumen fluid from the all-concentrate fed animal.
Control titrations of the rumen fluids (100 ml) were over a pH range of 3 to 11 with N HCl and N NaOH. Compounds then were added in quantities of 1 g to 100 ml of rumen fluid contained in 250 ml centrifuge bottles, and the resulting change in pH was recorded. Five grams ground extrusion cooked corn grain then were added, mixed, the system flushed with CO2, stoppered with Bunsen valves, and incubated for 6 h at 39 C. After incubation the milliliters of N HCl or N NaOH required to lower or raise the pH of the fermented mixtures to 3 or 11 were determined. All tests were in quadruplicate. ' -,
The procedures were similar to those in Experiment 1 except that 21 combinations of compounds (Table 2) were tested in rumen fluid from cattle fed the roughage-concentrate and all-concentrate rations. The combinations of compounds selected were based on those used previously in ruminant nutrition (6, 11) .
. Starea (registered, trademark 860255, U,S, patent 3,642,489) is an extrusion cooked mixture of gra,in and urea.
Experiment 3
Six combinations of buffer compounds were tested. Selection was based on the hypothesis that results from the experiments with single buffer compounds with a given ration could be used to predetermine activities of selected combinations. These six combinations were calculated and tested in rumen fluid from the cow fed the mixed roughage-concentrate ration.
Ah additional series of combinations of buffer compounds was tested.
Selection was by computer (1) magnesium oxide, and the best of the others.
Also stipulated for the roughage concentrate ration was: 7) best combination excluding oxides and hydroxides; 8) 35% sodium bicarbonate and the best of the others with stipulation 7 in effect; 9) 25% calcium carbonate monohydrate, and the best of the others with stipulation 7 in effect.
Stipulations similar to 7,8, and 9 were made for the all-concentrate ration numbered 10,11,12.
Experiment 4
• A buffer combination of bentonite, monobasic potassium phosphate,
Number of buffer combinations shown in Table 3 .
Best of the other buffers refers to single buffers ( was from the animal fed a mixed ration of roughage and concentrate. The combination proved to be a good buffer (Figure 1 ), substantiating the validity of the basis on which the combinations were made.
Changes from initial pH immediately after the buffer was added and 6 h after incubation are in Table 3 . Correlations between actual and calculated change in pH before and after incubation were .84 (P < .0001) and .64
(P < .002).
Such high correlations support the use arf computer system anal ysis for indicating the best buffer combinations. Buffer combinations selected by the computer are shown in Table 3 . Two of the buffer combin- did not outperform some of the good single buffers (Table 1) When rumen fluid with a low pH from the concentrate-fed animal was tested, buffer combinations, numbered 4, 5, and 6 all rated fair, an unexpected response. Only one buffer (number 10) of the series numbered 10, 11, and 12 was selected, and this combination rated fair. Hydroxides or oxides should be included in the combinations when rumen fluid with low pH from animals fed low-concentrate is used. If hydroxides and oxides are excluded, the computer fails to compute all combinations or the buffer combinations have a low ranking. The data reveal that for all-concentrate rations, buffer combinations ranked fair would rank as good buffers if the stipulation were removed that buffers not raise initial pH more than 1 unit. An initial change of 1 pH unit probably would not be deleterious to an animal or its rumen microflora, but selected buffer combinations must be tested in cattle to determine that.
Experiment 4
The in vitro titration of the buffer supplement is in Figure 2 . The buffer showed considerable buffering capacity in the desired pH range (4 to 6) for cattle fed all-concentrate rations.
When the buffer supplement was fed, feed consumption was decreased significantly (P .05) , and on occasion the animals went off feed completely (data not shown). efficient weight gain than did the control ration; however, this difference was not significant. Persistent diarrhea occurred in animals fed the buffer supplement. This was due to the large amount of magnesium in the buffer.
Large amounts of magnesium oxide cause severe diarrhea (5).
Bloat was in both groups. It was more difficult to obtain rumen fluid with a stomach pump from the animals consuming the buffer supplement than from those not consuming the supplement. This is probably due to a disturbance in water and electrolyte balance as evidenced by diarrhea.
The buffer supplement increased the proportion of rumen acetate (P < .01) and decreased the proportion of propionate (P < .05) ( Table 4 ). The buffer increased rumen pH, though not significantly. The buffer appeared not to affect total VFA concentration but to increase (P < .05) lactic acid concentration. Apparently the buffer favored the growth of lactic acid producing but not lactic acid utilizing microorganisms.
The selection of buffers and buffer combinations by an in vitro system has merit. Much can be learned about buffer action in vitro. However, it should not be inferred that the in vitro system can predict the response in vivo. At best it can be used as an indicator of potential buffers for in vivo use. Using systems analysis to select buffer combinations also has merit; however, more information is needed on the effects of specific buffer compounds on animal well-being. Buffer actions and physiological effects need to be collated before buffer responses can be optimized.
Our study has provided information on buffer action and me- 
ABSTRACT
The buffering ability of several compounds was tested in vitro with rumen fluid from cattle fed roughage-concentrate or all-concentrate rations.
A control titration of the rumen fluid (100 ml) over a pH range of 3 to 11
with N HCl and N NaOH was made.
Compounds then were added in quantities of 1 g to 100 ml of rumen fluid contained in 250 ml centrifuge bottles. The resulting change in pH was recorded. Five grams ground extrusion Cooked com grain were added, mixed, the system flushed with CO2, stoppered with
Bunsen valves, and incubated for 6 h at 39 C. After incubation the fermented mixtures were titrated over a pH range of 3 to 11 with N NCI and N NaOH.
Each compound was evaluated as a good, fair, or poor buffer. The evaluation criteria were that the immediate action of the buffer should not change drastically rumen fluid pH (plus or minus 1 ?H unit) , and that tha buffer should exhibit buffering capacity after incubation in the pH range of 5 to 8 (considered suitable for rumen microorganisms).
With rare exception, hydroxides and o-xides were poor buffers alone or in combination because their response often was erratic and usually caused excessive pH changes immediately after being added to rumen fluid.
In proper combination, carbonates and bicarbonates were the most promising anions tested. Occasional benefits were derived from phosphates. Though a disproportionate number of Na buffers were used, Na appeared to be a better buffer cation than K, which in turn was better than Ca, which was better than Mg, Al, NH^, and Mn. The Zn salt showed little buffering ability. be a promising buffer when tested in vitro and was fed as a supplement (.227 kg/head/day) to dairy steers consuming an all-concentrate ration ad libitum. Twelve Holstein steers in two groups of six were used in a crossover design. Ruminal acid production and animal performance were observed.
The general appearance of the animals consuming the buffer supplement was inferior to that of the controls. Severe diarrhea occurred in the buffered animals. This was probably due to 4 disturbance in the-water and electrolyte balance resulting from the high magnesium content of the supplement.
A significant (P <.05) decrease in feed intake was observed in the buffered animals. There was also a tendency for the supplemented animals to have less efficient weight gain than the controls but this was not significant.
Buffered animals had a slightly higher ruminal fluid pH, significantly (P <.01) higher rumen acetate, significantly (P'<.05) lower propionate and significantly (P <.05) higher lactate concentration than the controls.
